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The lengths of the fibers had very little effect on the abrasion-erosion resistance, and the FRC containing collated and hooked fibers had better abrasion-erosion resistance than the comparable concrete containing straight fibers.
A comparison of the performance of FRC and concrete not containing fibers clearly showed that FRC was less resistant to abrasion-erosion than concrete of the same aggregate type and water-cement ratio without fibers. The abrasionerosion losses of the FRC were consistently higher than those of the concrete not containing fibers over wide ranges of water-cement ratio and hence compressive strength.
Based on the results of laboratory tests and field performance experience, FRC is not recommended for use in new construction or repair of hydraulic structures where abrasion-erosion is a major concern.
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PREFACE
This report is a paper that was prepared for presentation at the A total of 13 concrete mixtures using 4 different types of steel fibers and 3 water-cement ratios ranging from 0.40 to 0.72 were tested ( Table 1. ).
Ma te r ial~s
Cement
The cement used met. the requirements of ASTM C 150-78 for Type L.
Aggregates
Crushed limestone aggregates were used for all concretes except Batches F9
and FlO where siliceot's gravel was used.
Steel fibers
Four different types of steel fibers were used; two straight fibers and 
Monomer system
The monomer system used for polymer-impregnated FRC (Batch FIO) was as follows:
a. Monomer -methyl methacrylate (MMA) inhibited with 25 ppm hydroquinone.
b. Cross linking agent -Trimethylpropane trimetnacrylate (TMPTHA).
c. Initiator -VAZO 64.
These materials were formulated for ambient conditions, and polymerization was achieved by addition of heat. Detailed procedures used for polymerization are given in Reference 2.
Mixture proportions
The concrete mixture proportions for fiber-reinforced concretes are given in Table 2 .
Specimen Fabrication 3 The concrete was mixed in a laboratory 7.5-cu ft (0.21 m3) rocking and tilting drum mixer in 5-cu ft (0.14 m 3) batches.
Each batch was tested for slump and air content according to ASTM C 143 and ASTM C 173, respectively. were demolded and placed in the tank of lime-saturated water until test. All specimens were water cured for at least 28 days prior to testing. The cylinders and beams were cured in the same manner as the abrasion test specimens.
TEST RESULTS AND DISCUSSSION
The abrasion-erosion test results are presented in Table 3 .
As previously stated, 13 batches of concrete were tested.
In one or more of these batches, the effects on abrasion-erosion resistance of FRC of (a) water-cement ratio, 
Effects of Compressive Strength
The abrasion-erosion resistance of FRC having compressive strengths ranging from approximately 3,000 psi to 10,000 psi (21 to 69 MPa) was investigated.
The relationship between abrasion-erosion loss at 72 hr and compressive strength of concrete than that of the comparable concrete not containing fibers, and it has been shown2 that the coarse aggregate contributes significantly to the abrasion-erosion resistance of concrete. Therefore, it is reasonable to expect that the FRC is less resistant to abrasion-erosion than the concrete not containing fibers. 8
b. When FRC is subjected to abrasion-erosion, the film of surface mortar resists the abrasion-erosion forces initially; but as the surface mortar is worn away, the 'ibets are exp,.5ud. rhe waLce. ilLW and tiLC mo~emEAit of the abrasive charges in the test environment cause the exposed fibers to vibrate. As the fiber vibrates, it introduces large stresses in the concrete due to stress concentration. These large stresses contribute to further deterioration of the concrete around the fibers. 
Effects of Fiber Length and Type
The effects of fiber length on the abrasion-erosion resistance of FRC can also be seen from It was claimed that the collated and hooked fibers would improve workabil-ity, eliminate balling, and improve the static and dynamic properties of concrete.
9
The abrasion-erosion resistance of FRC containing two sizes of hooked fibers, The lock was dewatered in December 1975 to repair a damaged miter gate.
During this period an examination of the filling and emptying laterals and discharge laterals revealed considerable abrasion-erosion of the concrete to maximum depths of 23 in. (584 mm). This erusion was caused by rocks up to 18-in.
ýV.w The FRC in the discharge laterals was not subjected to the abrasive etfects of waterborne rocks in the laterals, and erosion in these areas was negligible.
In comparison, FRC in the filling and emptying lateral which was exposed to abrasion by rocks exhibited considerable erosion. At maximum depths (approximately 6 in.) erosion extended completely through the FRC repair and into the old concrete. The pattern and extent of erosion was almost identical to the adjacent conventional concrete repair.
CONCLUSIONS AND RECOMMENDATION J1
8ased on the results of laboratory tests and field performance experience, it car, be concluded that FRC is less resistant to abrasion-erosion than the 13 concrete not containing fibers of the same aggregate type and water-cement ratio.
The .lbrasion-erosiofl losses of the FRC are consistently higher than that of the concrete not containing fibers over wide ranges of water-cement ratio and hence compressive strength.
Therefore, FRC should not be used for new construction or repair of stilling basins or other hydraulic structures. where abrasion-erosion is of major concern. Conventional concrete of the lowebt practiceIt water-cement ratio and the hardest available aggregate is recoimmended. .0 
